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7KH 3URPSW )LVVLRQ 1HXWURQ 6SHFWUD 3)16 LQ SDUWLFXODU IRU 8QWKI ZHUH LQYHVWLJDWHG LQ QXPHURXV H[SHULPHQWDO DQG
WKHRUHWLFDOZRUNV+RZHYHUZHFDQQRWDQVZHURQPDQ\TXHVWLRQVZKDWLVWKHVSHFWUXPVKDSHZK\GLIIHUHQWVKDSHZDVHVWLPDWHGRQWKH











LQIRUPDWLRQPD\EHH[WUDFWHGIURPPLFURVFRSLFH[SHULPHQW LQZKLFK WKHVSHFWUXPVKDSH LVPHDVXUHGDWD IL[HGQHXWURQ
LQFLGHQWHQHUJ\DVDUXOHE\WLPHRI IOLJKWPHWKRG7KHVHH[SHULPHQWVDUHUHDOL]HGRIWHQUHODWLYHWR&I3)16ZKLFK LV
ZHOONQRZQDVDVWDQGDUG
,I ZH ZLOO SODFH WKH QXFOHL ZLWK SDUWLFXODU WKUHVKROG UHDFWLRQ LQ 3)16 FUHDWHG GXH WR 8 ILVVLRQ E\ WKHUPDO
QHXWURQV ZHPD\PHDVXUH DYHUDJH FURVV VHFWLRQV 6HWV RI H[SHULPHQWDO GDWD IRU UHDFWLRQV ZLWK GLIIHUHQW WKUHVKROG OLNH
QS QĮ QQ QQDQGVRRQDOORZXV WRH[WUDFW LQIRUPDWLRQDERXW WKH3)16VKDSH LI WKHFURVVVHFWLRQVRI WKHVH
UHDFWLRQVDUHNQRZQZLWK  UHDVRQDEOHKLJKDFFXUDF\7KLV W\SH VRFDOOHGPDFURVFRSLF H[SHULPHQWDOVRSURYLGHVXVZLWK






7KLV YDOLGDWLRQ SURFHGXUHZDV UHSHDWHGPDQ\ WLPHV GXULQJ WKH ODVW a \HDUVZLWK WKH VDPH UHVXOW 7KH3)16
EDVHGRQO\RQPLFURVFRSLFGDWDFRQWUDGLFWWRPDFURVFRSLFGDWDDQGFDQQRWSUHGLFWNHII7KHUHZDVRQO\RQHH[SODQDWLRQ±
PLFURVFRSLFGDWDDUHZURQJ
7KHDWWHPSW WRFXWRXW WKLVFLUFOHZDVPDGH LQ WKH ,6,11  UHSRUWSXEOLVKHG\HDUVDJR ³7KHUH VWLOO
H[LVW WKH FRQWUDGLFWLRQV EHWZHHQ PLFURVFRSLF DQG PDFURVFRSLF GDWD ,W VHHPV WKDW RQH FDQ QRW H[SODLQ WKLV IDFW GXH WR
XQFHUWDLQWLHV RI WKH PLFURVFRSLF GDWD´ .RUQLORY HW DO  ,Q WKH IROORZLQJ , QDPHG WKLV FRQWUDGLFWLRQ ³0LF0DF
SUREOHP´LQFXUUHQWSUHVHQWDWLRQ
$IWHU\HDUVHIIRUWV1($2(&'PDGHRSSRVLWHFRQFOXVLRQ«QRFDOFXODWHGWKHUPDOVSHFWUXPKDVEHHQIRXQG
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WKDW VLPXOWDQHRXVO\ UHSURGXFHV HLWKHU RI WKH WZR PRGHUQ WKHUPDO GLIIHUHQWLDO PHDVXUHPHQWV DQG WKH VHW RI PHDVXUHG
LQWHJUDO FURVVVHFWLRQV WR ZLWKLQ DQ DFFHSWDEOH OHYHO´ $QG ILQDOO\ ³« D QHZ DQG KLJKO\ DFFXUDWH PHDVXUHPHQW RI WKH
SURPSW ILVVLRQ QHXWURQ VSHFWUXP IRU WKH UHDFWLRQ QWKHUPDO8 VKRXOG EH XQGHUWDNHQ DV VRRQ DV SRVVLEOH 7KLV
PHDVXUHPHQW LV WKH EHVW ± DQG SHUKDSV RQO\ ±ZD\ WR UHVROYH H[LVWLQJ GLVFUHSDQF\ LQ WKH WKHUPDO VSHFWUXP 0DGODQG
6RWKHV\VWHPDWLFHUURUVRIPLFURVFRSLFH[SHULPHQWVDUHUHVSRQVLEOHIRUWKLVFRQWUDGLFWLRQ
1HZ H[SHULPHQWV DW WKHUPDO QHXWURQ HQHUJ\ KDYH EHHQ GRQH+RZHYHU WKH\ GLG QRW DGG FODULW\2QH RI WKHP
.RUQLORYHWDOLVLQSHUIHFWDJUHHPHQWZLWKROGUHVXOWVDQGDOORZVXVWRUHSHDWFRQFOXVLRQWKDWPLFURVFRSLF3)16
FRQWUDGLFWWRWKH(1')%VSHFWUXPDQGFDQQRWGHVFULEHPDFURVFRSLFGDWD$QRWKHURQH*XVHYDHWDOLVLQJRRG
DJUHHPHQW ZLWK (1')% HYDOXDWLRQ :KDW GRHV WKLV IDFW PHDQ" &DQ ZH VHOHFW ZURQJ UHVXOW DQG KRZ WR DYRLG WKH
PLVWDNH"
7KH SUREOHP PHQWLRQHG DERYH FRQQHFWV ZLWK SUDFWLFDO DSSOLFDWLRQ :H GR QRW NQRZ WKH QDWXUH RI WKLV
FRQWUDGLFWLRQ0LFURVFRSLFHYDOXDWHG3)16LVEDVHGRQVHYHUDOH[SHULPHQWDOUHVXOWVZKLFKDUHLQDJUHHPHQWDQGUHDFWLRQ




WKHLU DYHUDJH HQHUJLHV DUH KLJKHU 7KHVH IDFWV VWLPXODWHG DVVXPSWLRQ WKDW 3URPSW )LVVLRQ 1HXWURQV DUH HPLWWHG IURP
DFFHOHUDWHG )) 7KH WLPH IRU )) DFFHOHUDWLRQ LV UDWKHU VPDOO aVHF .QLWWHU HW DO  .RUQLORY HW DO 
WKHUHIRUHQHXWURQVDUHHPLWWHGDIWHUWRWDODFFHOHUDWLRQIRUPDLQILVVLOHLVRWRSHV.RUQLORY
7KH UHVRQDQFH VWUXFWXUHRI QHXWURQ LQGXFHG ILVVLRQFURVVVHFWLRQ VWLPXODWHGFRQFOXVLRQ WKDW QHXWURQ ILVVLRQ LVD
FRPSRXQGSURFHVV
$QG ILQDOO\ ERWK WKHVH IDFWV DOORZ XV WR IRUPXODWH WKH WUDGLWLRQDO DVVXPSWLRQV IRU ILVVLRQ SURFHVV DQG QHXWURQ




 PRGHO EDVHG RQ WUDGLWLRQDO DVVXPSWLRQV VSOLWWLQJ HQHUJ\ EHWZHHQ WZR ILVVLRQ IUDJPHQWV ZLWK SDUWLFXODU WRWDO NLQHWLF








<XIHQJ HW DO /DLWDL HW DO $EUDPVRQ HW DO  7KH GHWDLOHG WUDQVODWLRQ RI H[SHULPHQWDO1,,$5
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FORVHUHVXOWV RULJLQDOH[SHULPHQWV VKRXOGEHGLYLGHGZLWK WKHVHSDUDPHWHUV&L1,,$5GDWD 6WDURVWRYHWDO& 
& ,500GDWD& & 






2QO\RQHFRQFOXVLRQPD\EH UHDFKHGRQ WKHEDVLVRI WKLVFRPSDULVRQHYDOXDWLRQVDSSOLHGGLIIHUHQWDSSURDFKHV
EXW PLFURVFRSLF GDWD RQO\ DUH LQ DJUHHPHQW LQVLGH HVWLPDWHG XQFHUWDLQWLHV DQG FRQWUDGLFW WKH (1')% GDWD
FRQVLGHUDEO\  $YHUDJHQHXWURQHQHUJ\DFFRUGLQJ WR .RUQLORY(!  0H9DQGIRU(1')%
(! 0H97KH3)16VKDSHVDFFRUGLQJWRPLFURVFRSLFGDWDDQG(1')%DUHGLIIHUHQW

















































FDVHVDXWKRUV XVHGQHXWURQJDPPDGLVFULPLQDWLRQ 7KHPRVW LPSRUWDQWDGYDQWDJHV LQ WKH ,500H[SHULPHQWDUHPXFK
EHWWHU WLPH UHVROXWLRQ VKLHOGLQJ DURXQG QHXWURQ GHWHFWRU UHGXFHG YHU\ PXFK VFDWWHULQJ RQ GHWHFWRU HQYLURQPHQW DQ






WKH FRQFOXVLRQ LV WKH VFDWWHULQJRQ WKH ILVVLRQ FKDPEHUPDWHULDOPD\ FKDQJH VKDSHRI3)16YHU\PXFK7KHGLVWRUWLRQ
HIIHFW LV YHU\ VHQVLWLYH WR SHFXOLDULW\ RI WKH FRQVWUXFWLRQ DQG VKRXOG EH HVWLPDWHG IRU HDFK H[SHULPHQWDO VHW XS 7KH
D]LPXWKDO DQJOH ZDV IL[HG E\ WKH EHOW RI )) FRXQWHUV 7KLV IDFWRU ZDV DOVR VLPXODWHG E\0RQWH &DUOR PHWKRG ,WZDV
DVVXPHGWKDWILVVLRQQHXWURQVDUHHPLWWHGIURPIL[HG))ZLWK&06HQHUJ\(Y7KH0D[ZHOOLDQVSHFWUXPZLWKSDUDPHWHU7
ZDV DVVXPHG IRU &06 6R LI ZH GLG DOO LQWHJUDWLRQ FRUUHFWO\ ZH VKRXOG KDYH :DWW GLVWULEXWLRQ IRU /6 7KH UDWLR RI
VLPXODWHGVSHFWUDZLWKDQJOHVHOHFWLRQWRH[SHFWHG:DWWIXQFWLRQLVJLYHQLQ)LJ7KHGLVWRUWLRQHIIHFWPD\EHYHU\ELJ
/LPLWHG QXPEHU RI DQJOHV EHWZHHQ )) DQG QHXWURQ GLUHFWLRQ LV DYDLODEOH LQ D 313, W\SH H[SHULPHQWV (OHYHQ














































6RZH VKRXOGFRQFOXGH WKDW WKHUHDUH VHYHUDO IDFWRUVZKLFKPD\GHVWUR\ UHVXOWRI ³GLIIHUHQWLDO))H[SHULPHQW´
YHU\ PXFK 7KHUHIRUH WKHVH H[SHULPHQWDO GDWD FDQQRW EH XVHG IRU HYDOXDWLRQ RI ³VWDQGDUG´ VSHFWUD $IWHU SURSHU















$VVXPSWLRQVDQGDUH WKHZHDNHVWSRLQWV7KHPRWLYDWLRQRI WKH/'SDUDPHWHU UHGXFWLRQGXH WR³PDJLF´))
PDVVHVIRU$aDQG$aVHHPVUDWKHUDUWLILFLDO7KH))PDVVGLVWULEXWLRQLVUDWKHUEURDGWRH[SODLQF LQVWHDGRI
F IRUJHQHUDOWHQGHQF\,QDGGLWLRQGLIIHUHQWSDUDPHWHUVFVKRXOGEHXVHGIRU&IDQG8WR³GHVFULEH´H[SHULPHQWDOGDWD
:HLVVNRSI DQG (ZLQJ  VXJJHVWHG D VLPSOH DSSURDFK IRU FDOFXODWLRQ RI QHXWURQ VSHFWUD IURP QXFOHDU
UHDFWLRQ2QHPD\ VHSDUDWH WZR VWHSV RI WKLV VLPSOLILFDWLRQ ,Q ILUVW RQH WKH\ GHPRQVWUDWHG WKH WUDQVLWLRQ IURP+DXVHU
)HVKEDFKIRUPXODVWRDVLPSOHHTXDWLRQVRQDPHG³HYDSRUDWLRQVSHFWUXP´$WWKHVHFRQGVWHSWKH\VXJJHVWHGWKDWOHYHO






















































 N. Kornilov /  Physics Procedia  59 ( 2014 )  144 – 153 149
$OO))DUHQHXWURQULFKLVRWRSHVO\LQJUDWKHUFORVHWRQHXWURQGULSOLQH6RWKHSURSHUWLHVRIWKHVHLVRWRSHVPD\EH




,Q VHYHUDO SDSHUV .RUQLORY HW DO  .RUQLORY  DQG UHIHUHQFHV LQFOXGHG@ H[SHULPHQWDO IDFWV ZHUH













ZKHUH(U HQHUJ\ UHOHDVH 7.( WRWDO NLQHWLF HQHUJ\ RI ))(Ȗ a %Q HQHUJ\ WDNHQ E\ JDPPDUD\V DQG%Q LV
DYHUDJHELQGLQJHQHUJ\LQQHXWURQFDVFDGHDQGİ!DYHUDJHQHXWURQHQHUJ\LQ&HQWUHRI0DVV6\VWHP&06









































1HXWURQ HPLVVLRQ IURP H[FLWHG IUDJPHQWVPRYLQJZLWK KLJK YHORFLW\ DIWHU WRWDO DFFHOHUDWLRQZDV VLPXODWHG E\
0RQWH&DUORPHWKRG7KHLGHDDQGPHWKRGZHUHGHVFULEHGLQ.RUQLORYHWDO.RUQLORYHWDO6XEURXWLQHV
ZKLFK VLPXODWH WKH HQHUJ\ GLVWULEXWLRQ LQ WKH &06 ZHUH LQFOXGHG UHFHQWO\ 7KH LQSXW SDUDPHWHUV DQG IXQFWLRQV IRU
FDOFXODWLRQDUH WZRGLPHQVLRQDOGLVWULEXWLRQRI))\LHOGYHUVXVPDVVHVDQG WRWDO NLQHWLFHQHUJ\ .RUQLORYHW DO
PDVVHVRI))DQGQHXWURQELQGLQJHQHUJLHVIRUDOODYDLODEOHLVRWRSHV$XGLDQG:DSVWUDQHXWURQDEVRUSWLRQFURVV
VHFWLRQV.RQLQJDQG'HODURFKHDQGWKHOHYHOGHQVLW\,JQDW\XNHWDO$VVXPSWLRQVPDLQDVVXPSWLRQV






















































































 N. Kornilov /  Physics Procedia  59 ( 2014 )  144 – 153 151














PD\ HVWLPDWH WKDW WKHRUHWLFDO VORSH VKRXOG EH a0H9Q 7KLV VLPSOH HVWLPDWLRQ DOORZV XV WR XQGHUVWDQG WKH QDWXUH RI
FDOFXODWHGVORSHLIWKHPDLQDVVXPSWLRQVDUHFRUUHFW&DOFXODWHGVORSHIRUDOOLVRWRSHVWDNLQJLQWRDFFRXQWDOOYDULHW\RI))
SDUDPHWHUV LV a0H9Q 7KLV VORSH )LJ LV SUDFWLFDOO\ LQVHQVLWLYH WR PRGHO SDUDPHWHUV OLNH /' DEVRUSWLRQ FURVV
VHFWLRQHQHUJ\UHOHDVHDQGVRRQ7KHVDPHVORSHZDVFDOFXODWHGZLWK/$1/PRGHO7DORXHWDO
7KHH[SHULPHQWDOVORSHRIȞ7.(LVPXFKKLJKHUWKDQFDOFXODWHGRQH7KHGHSHQGHQFHRQ6 1=$SDUDPHWHU




7KH DQJXODU GLVWULEXWLRQ RI ILVVLRQ QHXWURQV UHODWLYH WR )) GLUHFWLRQ LV UDWKHU VHQVLWLYH WR VSHFWUXP VKDSH










'HVSLWH HIIRUWV VSDQQLQJ \HDUVZH GLG QRW VROYH WKH ³0LF0DF SUREOHP´ 6HYHUDO H[SHULPHQWDO GDWDZKLFK
DJUHHLQVLGHHUURUEDUVSURYLGHYHU\JRRGEDVLVIRUHYDOXDWLRQaSRLQWVLQWKHQHXWURQHQHUJ\UDQJHIURPNH9WR

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0H9 $SSOLFDWLRQ RI GLIIHUHQW PHWKRG IRU GDWD HYDOXDWLRQ GLIIHUHQW H[SHULPHQWDO GDWD JLYHV WKH VDPH UHVXOW DQG
FRQFOXVLRQ 83)16KDVDYHUDJHQHXWURQHQHUJ\(! 0H9FRQWUDGLFWLQJ WKH(1')%HYDOXDWLRQ
DQG FDQQRW UHSURGXFH PDFURVFRSLF H[SHULPHQWDO GDWD DYHUDJH FURVV VHFWLRQV IRU WKUHVKROG UHDFWLRQV DQG EHQFKPDUN
H[SHULPHQWVNHII
 %RWK DFWLYDWLRQ FURVVVHFWLRQV DQG PLFURVFRSLF 3)16 DUH FRUUHFW 7KH ILUVW FRQFOXVLRQ LV VXSSRUWHG E\ &I
UHVXOWVDQGWKHVHFRQGRQHE\WKHYHU\JRRGDJUHHPHQWEHWZHHQH[SHULPHQWDOGDWDDQGHYDOXDWHGIXQFWLRQV7KHUHLVQRW




 ,W VHHPVZHVKRXOG VHOHFW H[SHULPHQWDO UHVXOWVPHDVXUHG IRU VHSDUDWHDQJOHDQGZLWK LQWHUQDO LQWHJUDWLRQRI))
6HYHUDOZHDNSRLQWVZHUHGHPRQVWUDWHGIRUILUVWW\SHRIH[SHULPHQWV$OOWKLVSHFXOLDULW\VKRXOGEHWDNHQLQWRDFFRXQW,WLV


















3)16,Q WKH IUDPHZRUNRI WUDGLWLRQDODVVXPSWLRQ WKHRULJLQRI WKLVYDOXH LVFOHDUO\YLVLEOHEXW WKHVWURQJFRQWUDGLFWLRQ
ZLWKH[SHULPHQWa0H9QIRU8LVDOVRREYLRXV
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